Abstract. The papers delivers a new computational method of statical analysis of frames, well suited for both the 2D and 3D settings and easily generalizable to the case of the presence of big axial forces. The method is based on the compatibility equations which have their roots in the force method, while the unknowns refer to the displacement method. These equations involve also the unknown cross sectional forces which are the force method unknowns. The method proposed can be viewed as the displacement method with an implicit procedure of deriving the stiffness equations.
Introduction
In contrast to the elasticity theory in which the stress-based and displacement-based approaches are complementary, the force method (FM) and the displacement method (DM) are usually treated independently, even in separate chapters, cf. the literature cited [1] [2] [3] [4] [5] [6] . The aim of the present paper is to put forward a synthesis of the FM and DM methods by focusing attention on the statics of planar trusses. Yet the ideas behind refer to all skeletal structures, including 3D case. The main assumption is the linear elasticity setting. The load is assumed in the form such that the truss bars are not subject to bending. The transverse load is allowed only in specific cases.
The approach free from the matrix algebra formalism
Independently of the approach applied the first step is determination of the unknown kinematic data (or the degrees of freedom) as independent and non-zero nodal displacements, cf. (1) where s represents the number of degrees of freedom. At each bar we determine one node as a first node (the index of this starting node is : "i") and the other node (of index "k") as the end node (or second node). At the node "i" we release the constraint associated with the axial force and replace this constraint by the pair of mutual reactions, see The number of truss members equals p. The process of releasing the constraints transforms the truss into a mechanism for which the virtual displacements can be subsequently imposed, see Eq. (2) provided that the subsequent equations are solvable. If undetermined or mutually contradictory equations appear, this would mean that the truss is geometrically instable. This case is excluded from our discussion. The member forces which remain upon the mentioned elimination process may be treated as redundants of the force method and their appearance indicates that the basic structure is correctly constructed. On the other hand, if all the member forces can be computed, the initial structure is statically determinate. Hence we conclude that the degree of statical indeterminacy equals the difference between the number of cross sectional forces of the truss bars and the number of degrees of freedom of its nodes. One can note that this statement holds for all other types of skeletal structures. The next key step is to construct the compatibility equations referring to the released constraints, where the gap displacements e i G appear, cf Fig.3 . N not eliminated from (3) as well as all components of q . Then, by a simple elimination one can compute these unknowns, which ends the analysis. Let us check the balance of unknowns and equations. The unknowns are the bar forces for which we have the same number of compatibility equations. On the other hand we have one equilibrium equation for each displacement, which proves that the balance holds. The presented algorithm is not to support the done-by -hand computations, but it was efficiently used in the program code, extended also to the bending frames in 2D.
Let us discuss now the matrix form of (3), (5) . The matrix equations are attractive, yet a direct implementation is non effective. A lot of zero components appear which makes the computations ineffective. The problem can be solved by using some refined algorithms, but then the conciseness of the matrix equations is lost.
The matrix formulation
The geometric equations linking the bars elongations (6) with the nodal displacements are crucial here. They read 
The equilibrium equations assume the concise form below 
By using (6) we rearrange the above formulae to the form o E EBq N w
Substitution of (11) into (8) leads to the governing equation in which the displacements are the main unknowns
Coming back to (11) we compute the forces in bars.
Extension to other types of skeletal structures
Let us consider planar frames. The displacements adjacent to a node are now introduced as in Fig.4 . We note that the independent angles of rotation appear. Fig. 4 . Degrees of freedom in frame node.
We assume that the bars of frames have arbitrary shape and are clamped at two different nodes of the structure. Thus releasing the constraints around the node i requires introduction of pairs of cross sectional forces, see Fig.5 . Here L stands for the length of the chord of the bar. By imposing virtual displacements according to (2) and applying the virtual work equation one finds the equations of equilibrium and its number is equal to the number of unknown degrees of freedom of the frame. On the other hand the compatibility equations are cleared up in Fig.6 . 
The physical meaning of the selected coefficients is cleared up in Fig.7 . As already mentioned the computer program has not been constructed upon the matrix equations.
The method can be extended to the case of frames subject to big axial forces and to 3D frames in general.
Concluding remarks
The compatibility equations (5), (13) deliver a synthesis of the FM and DM methods. The compatibility equations have their roots in the FM while the unknowns involved refer to the DM method. These equations involve also the unknown cross sectional forces which usually are FM unknowns. One can say that the method shown is the DM method with an implicit procedure of deriving the stiffness equations. The two approaches discussed reveal a certain paradox. The basis of the computer program is an algorithm which does not refer to the matrix equations formalism.
